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SUimARY 

The Gtability, lateral-control, and stalling chai'acter- 
Ictics of an airplane modified bo accoinniodate full-span Zap 
flaps Y/ere measured in flight at the Ames Aeronautical 
Laboratory, 

The static and dynairic longitudinal and lateral stability 
v;as, in general, satisfactory. However, the airplane exhib- 
ited sorrie undesirable lateral-control characteristics includ- 
ing excessive friction and elasticity in the lateral-control 
systera and insufficient aileron effectiveness in producing 
desirable rolling; chai ac ter is t ics . 

By setting the control-force-regulating vanes, with which 
the upper-surface-type ailerons were equipped, in the nose-up 
position and by reducing the area of the aileron upper 
surfaces, it was possible to lighten the lateral control forces 
without appreciably decreasing the corresponding aileron 
effectiveness. However, tnese aileron modifications were not 
sufficient to effect satisfactory rolling characteristics for 
all flight conditions. 

The maximum lift coefficients of the airplane calculated 
fromi flight-test data with the full-span flaps up, half 
extended, and fully extended are 2.01, 2.42, and 2.78, re- 
spectively, with rated power applied and 1.48, 2.05, and 2.27, 
respectively, witli power off. 
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INTRODUCTION 

T>-e need for increased maxinum lii't coefficient and 
coneeo'-*ert rlecreased landing speed has led to conciderc.ble 
i-tere3t in the use of flaps extending e.lon^ the entire/Jing 
socn. ^xtenFive irind-tvjnnel investisations and sor.e fxigno 
te^t^- hp--e boen conducted to develop a satisfactory conbina- 
t^on^of' full-span fla-os and lateral-control devices. Of tne 
devices tested, the plue-type spoiler-slot ailerons, _^ocsts 
of vrhich are reported in references 1 and ^, appeared uO 
produce the nost desira.hle lateral-control characteristics. 

The investigation reported herein was conducted to _ 
deternine the stahility, lateral-control, and stalling cnar- 
ecte-istics of a tost airplane equipped vith wings employing 
modified plug-type spoi?.er-slot ^ ailerons mid full-s.mn 
flTO'-. The investigation also incluaed fiignt oests ox tnc 
ai-to^ane -^ith varioris modifications to the lateral-contro^ 
system nade in an attempt to improve the lateral-con urol 
characteristics of the airplane. 

DSSCP.IPTION OF THE AIRPUI^ 

Th^ f.i^piane used in this investigation is a t^-ro-place, 
.oinr-le-ensine, nidwine;, cantilever monoplane with fixed 
^"an^iS/'^?©-/ The ai?Dlane is equipped with folding wings, 
full-spaii Zap flaps, i^pper-surf ace ailerons, and modified 
horizontal tail surfaces, 

G-oneral vir.ws of the air-olanc are shown in figures 1, 2, 
and 3/ Details'of the wing, flaps, ^and upper-surface 

ailerons are presented in figures 4 to o, 

TO-er-surfacc ailerons, shown in their original 
oonSitior ni fif^ure 6, arc actuated by the lateral-control 
V^^:'^^-^^ figure S. The ailerons operate in tracks 
^oc'terT within the win| structure and, when actuated by the 
cort'- oi svsteS, deflect about a center of rotation exterior 
to'-ihe Wing surface. The ^aileron differontial li^^^^^^ located 
ir> the fuscltv-'-o ^s shoim in fiprarc 9 i^r b..<o po^xtiono o..c 
eo-^tSv stic -:r The lateral-control system includes a sm.all 
vane located beneath each aileron - JSL 

o-^mfne between t"e aileron surface ano. tnc upper vmg suriace 
■oy Sc^ricctfnrtnc ailerons (fig. 6). These vanes are adjustaole 



in pitoli at "thjf'eo positions: nosc-up, neutral, and noso-down 
as indicated in figi.ire oc The purpose of tlie vanes is to 
rejalate the lateral-control forces* The vanes \jere set in 
the nose-up ^^'^^^^ it ion for the oririncil teat condition* 

The full-span Zap flaps, as'shoiT. in figures k-, 5, and 7^ 
cliff er materially fron the earlier version referred to in 
various aerodynamic publications as the Za.p flap and x:hich v/a.s 
in reality a split flap, the hinge line of v/hich moved aft 
along the wing chord as the flap i-ras deflected. The present 
design is a device for simultaneously'" increasinr, the area and 
camber of the basic T-ring for the purpose of stimulating and 
controllinfj the lift of ^ the ivlng. The flap is constructed as 
a sePZ.ent of a circular arc '^/hich is tangent to the upper 
contour of the wing near the trailing edge of the :/ing when 
the flap is extended. vHien retracted within the wing, the 
trailing edge of the flap forms the trailing edge of the wingt 
The extension of the flap is accomplished by rotation about a 
center coincident with the center of its o^tl structural arc, 
thus m.aintaining an unbrohen mean camber throughout the basic 
airfoil and flap in all stages of rotation (fig. 7)* 

Q-enoral specifications of the a.irplane as originally 
delivered for test, arc as folloT's: 

.Airplane 

Lenp:th (over-all) 3-*^' ft 

Height (tlx-ust line level). . . • . 12 ft, ll-l/o in. 

Normal cent er-of-gra.vit y position . 25.7 percent aft of 



the lea.ding edge of 
the mean aerodynamic 
chord 



Type • • 

Ratings 



rn 



I'Jornal 



i^OO blip at 2200 rpni 



T alee -off 



at sea level a-nd 
^.^^00 ft 

bhp at 230c rpm 
and 35 • 5 inches of 
mercury at sea level 



Propeller 



Two-blade , constaait- 

spced 

f.^:0 ft 



Diamet 



1+ 



Sioan. . .■ 3^«0 f"^ 

Ai-^ea (ii.clucTing ailerons and 

2i-!-e5 sc ft of fus^elage) • . . . • 205oS sq ft 

A'Tfoil section o Zap section, tapered 

in thickness from 
• 17o25 percent at the 
center line of the 
airplane to 12 per« 
cent at the t/ing tip 

Dihedra.lo *» 1 oO^ 

Sweepback (leading; edgo)^ ^'^^'J^ 

Incidence or '3^^ 

ilean aerodynamic chord. o 72«5 

IJing flaps (each) 

Area (aft of hin>ze ) 13.1b sq ft 

Span " ?-5 ft 7 inc 

Deflection ^1^55^ rota'Cion 

trailing edge 21 e 5 
percent chord aft, 
23 percent chord 
doirn 

le"^'*ons 

*Len'-'th (along each wirxg) . . . 10 ft, ^-.S in. 
Total area aft of hinge. ... 13. sq ft 
Deflection 

Left o *37.S'3 up 

O.yt^^ ci.ovrn 

Right -"-Ii-S.OO up 

2.2*^ doT-jn 

Horizontal tail surfaces 

Total area 5^0 it; 

Span, . . * . ft 

Stabilizer 

Total area including 

sq ft of fuselage and 4o+ 

so ft of elevator balance. • • 35 sq ft 

Dihedral ^ • ^•^^ 

Incidence 3^0'^ f^^^^ th-Tusu 

line ( leading 
edge Tip) 

i: levators 

Total area aft of hinge 

including trim tabs .^J^^o^^^ 

Deflection 'l^r^'^o 

•'-'•24 #3 dovm 
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Tabs 

Total area, • o 2,6 sq ft 

Deflection of trailing 

ecTr;e from neiitr^.l c • • . ^-'"llo^^ '^P 

Vertical tail surfaces 

Total area. • , a 20c^ sq ft 

Fin 

Total area^ including'' l,lo 

sq ft of rudder balance* • . . 3.9 sq ft 

Rudder 

Total aroa aft of hinge 

inc?a;din- trim tab lie? sq ft 

Deflection . • , . c • e c • . ^^27.2^ i^n and 

rif-Lt 

Tab 

Area. « 0^35 sq ft 

Deflection -^200 left and 



right 



^^Values neasured at the laboratory 



The kinematics of the lon-itudinal- and lateral-control 
systems Tilth the surfaces unloaded are presented in 
fi^^res 10, 11, and 12. 

L^inor modifications made to the lateral-control system 
during the course of the tests in a.n a,t tempt to improve the 
lateral-control characteristics of the airplane include: 

Modification 1*- Vanes placed in nose-do:m position 
llodif ication 2.- Vanes removed fromi a,ll aileron surfaces 
liodificatlon 3.- Axes of rotation of vanes lo?7ered an 

average of l/^- inch; va.nes set in nose- 
up position 

Ilodif ication K.- Upper surface of outer and inner aileron 

panels cut bacii, thereby reclucing the 
original u'Oper-surf ace area by approxi- 
mately percent (fig. 9); vanes set 
in the noso-do-jn position 

L'odif Ication 5,- Upper surfoxes as in modification ^-1- VJith 

vanes set in nose-up position 

liodificatlon 6.- Upper surfaces of central aileron panels 

reduced in area as in modification ^ 
with vanos sot in nosc-up position; the 
modified upper surfaces arc shoxm in 
fi^iros 13 and 1^. 
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Modification 7.- Upper surfaces as in nocdfication 6 

-.•dth vanes set in nose-doun position 

Modiiicat-.ion G.- "JvV)er-surf ace slot? (fic« I'O, ori£:in- 

ally covered vitli fabric, opened; vanes 
set in nose-doim position. 



I!T3TRU10-'T AT 1 01' 

pilot of^raphic ally recording instruments were in- 
st?l"!ea in the airplane to obtain records from the 
foiiQ^dnr^ quantities irere evaluated: indicated airspeea; 
eleveto^V aileron, and rudder angles; rolling and yawing^ 
velocities: elevator and aileron control forces; angle oi 
si^esl-'^; and norr.al and lateral acceleration factors, 
St-^n-'ard airolane indicating instruments were used to_ 
detorninc manifold pressure, enr'ine speed, and iree-air 
temperature. 

^he cn--^S;OPed recorder was connected to a vaned airspeed 
h-rc; -hicn'ras free to rotate in pitch and yavr. The airspeed 
hr^d vc^ nounted on the forT;ard end of a boom which w-as 
foc'ated near t-ne left wins tip and er.tended aporoximatelv one 
T-n -CP-chord len?rth ahead of the wine leading edge (iig. 1/. 

The elevator- and ruddcr-anc;le recorders were attached to 
the control systems as close to the control horns as possio.., 
t-.croby minimizing the effects of control-system elast.cioy 
on the recorded values of control posicions. 

Dr.e to the absence of sufficient space to accommodate 

en aileron-anr:le recorder in the wing near tne ai_.erons, 

this instrum.ent was mounted in the fusciagc ao the d^xier- 
cntia.1 mechanism, 

^hc control-force recorder was installed on a specially 
cor stx-ucted control stick, the grip of which was in tne same 
location as that of tho nor-ial stich. 

^^-Q si--' e slip-angle recorder vane was mounted on the for- 
.;o-.e "one Of a biom which extended approximately one wmg-cnoro. 
length ahead of the right wing near the wing tip (fig. -J. 

All records were s -mohronisGd by means of a timer. 
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TESTS 

The 8tabl].ity- and lateral-control characteric tics of the 
airplane rere determined in- flight witli the center of gravity 
loca.ted at 2o^^- percent of the mean a,erodjniamic chord a,nd 
with an averap^e gross weight of -I-960 pounds o 

The dynamic longitudinal stahility, as indicated by the 
degree of dar.^ijj.ng: of the short -period oscillation, was inves-- 
tigated for various comoinations of povrer, flap positions, and 
airspeed by deflecting and quickly releasing the elevator 
control and recording the resulting; motions « Tests for the 
determination of static longitudinal stability were made in 
steady straight flight for the following ccnf igurations : 
(1) climb condition - rated power, fla.ps up; (2) glide con- 
dition - power off, flaps up; (3) vrave-off condition - rated 
povier, flaps down; and Uh) landing condition - power off. 
flaps down. Records were ta^^en of several three-point land- 
ings to ascertain the elevator control chara.ct eristic s in 
landing , 

The elasticity in the lateral-control system, was deter- 
mined on the ground by measuring the deflections of the left 
and right ailerons wlaen they were sop^-r^.tely subjected to 
various static loadings with the control stich fixed in 
several positions o In order to estimate the friction in the 
lateral-control system from the records of aileron angle and 
control force, the control stick wa-s moved slowly from loft 
to right several times botli on the ga?ound ^ath no load on 
the surfaces and in flight at various conditions. 

Records were m.adc of the motions of the airplane and 
control surfaces resulting from quickly pushing and 
releasing the stick laterally with" the airplane in flight 
at several pox-jer, flap, ano. speed conditions to indicate 
the characteristics of the control-free lateral oscillation. 
In order to determine the aileron control characteristics, 
records were also taken for the folloT/ing conditions in 
abrupt ruddcr-fixed aileron rolls in which a constant aileron 
deflection was maintained until the rolling velocity had 
atta.ined its maximum value: 



?ov:or 


Flap pOoition 


Indicaucd 


airspeed 


vmpn; 




Up 


! 92 


and 155 




p.atccl 




1 92 


and 122 








i 92 


and 122 


1 


Off 


up ~ 

; ■lO-vvT. 

J — — 


j 92 
1 92 
1 92 
1 


and 155 
and 122 
and 122 


1 
1 



Rudder-fixed a.ilcron rolls v;ci'e also nade v/ith the air- 
plane* in raued-oo-rcr flight for each iuodlf ication to the 
latcrol-control' s-'stoLi, Uith flaps m the rolls v^cre nade at 
ap-3ro:ci:.iately 92 and 155 miles per hour, and vath flaps dovm 
the airspeed" averaged 122 r.ilea per ho^ir. 

Records v.'erc tahcn vith the airplane in steady sideslips 
to ceter'-ilne the characteristics of rolling moracnt due to 
sideslip (dihedral effect). These flight tests vxore made vricn 
the airplane in its orle'inal condition for the several combi- 
nations of -oo^rcr, flao position, and airspeed shoxm beloi:. 



■ 


Flap position 


InJ.icatecL airGpccd (nph) 


1 

[ Rated 


Up 


92 and 1^>5 
92 and 121 


I Off 


1 Up 

DOT'.Tl 


92 and 1^.5 
92 and 121 
1 — ' — - — ■ — • • . ■ - — 



stalls 'were maa.e in straight flight for the determination 
of tnc stallint^ characteristics of the airplane, -he tests 
were carried out with the airplane in the original condition 
and --.'ith the center of gravity located at approximately 3^»1 
pc^cent of the mean aerodynamic chord and an average gross 
veir^nt of ^120 pounds. The following types of stall and con- 
trol in the stall were attempted for all combinations of 
power (rated and off) and flap position (up, one-half down, 
and doi-.m ) : 

1, Control stick brought back and held at first warning 
of stall, ailerons and rudder fixed 
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2o Stick pulled full 'oack and iield, ailerons and rudder 
fixed 

3c Stick brought back to point of stall and held, 
control by rnean^ of ailerons alone; rudder fixed 

^. Stick broug^ht back to point of stall and held, 
control by means of rudder alone, ailerons fixed 

In order to study the air flov; over the wing during the 
various stalls, 6-inch wool tufts were placed over the upper 
surface of the right wing, enabling an observer in the rear 
cockpit to note the r.anner and progression of the flow break-- 
aT/ay. 



tiZi yJ U b rx. . J U j. b O -O D _ Ui'^ 

The sta/Dllity and stalling charr.ct eristics of tlie test air- 
plane in genera.1 impressed the pilots favora.bly, but several 
features of the lateral control irere considered undesirable* 
Host of the flight-test results arc presented and discussed 
in relation to the recommendations for satisfactory stability 
a.nd control characteristics given in references 3 



Longitudinal • Stability 

C haracteristics of uncontrolled longitudinal motion ^ - 
From the time histories of the snort— period oscillations 
shown in figure 15^ It is observed that in every condition 
Investigated the oscillation of elevator angle and norr.al 
acceleration following the release of the elevator control 
coripletely disappeared after one cycle • 

Characteristics in steady flight y- The elevator control 
characteristics in steady straight flight arc shovTi for four 
flight configurations in figures l6 to 19*- From the variation 
of elevator angle with airspeed, it is seen that the airplane 
exhibited stick-fixed stability over the test spcod range for 
all four flight conditions. 

The stick-^free stability of the airplane, as indicated by 
the slopes of the controls-force airspeed curves at the trim 
speeds, appeared to be satisfactory over the speed range for 
the climb, glide, and landing conditions. In each caco the 
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control-force gradient at trim speed was greater than the 
minimum value of 0.05 pound per mile per hour as recorranended 
in reference 5 when friction in the control system is low. Th( 
friction in the elevator control systemi of this airplane is 
approximately 0.75 pound which is less than the mxaximujra 
value of pounds prescribed in reference 3. 7or the wave-off 
condition it is observed from fir;"^re lo that neutral stick- 
free stability exists at the trim speeds 

Cixara^erjj?tic of the elevator control in landing o- The 
elevatoF control characteristics in landing are indicected by_ 
the tine hlGtories of tuo landin[;;3 sliOT'rn in figures 20 and 21. 
Fron the tine hi^^tory of the lanCin:j; t^hoirn in figure 20, it 
is seen that the ar.:ount of pull force necer.cary to brin^ 
the tail doT-n was in excess of the 35 pounds maximum foroe 
recomixiended in referenoe 3* However, these forces could 
possibly have been reduced by na/:ing use of the add^itional 12 
tab angle available. Figure 21 indico/ces that the elevator 
control x^as sufficiently powerful to hold the airplane off the 
ground until three-point contact was made* 

Lat 6 r a 1- 0 on t r o 1 Gh£:.r c?uC t or i s t i c s 

C on t r o 1- s y s t em char ac t or i s t i o s o - The elasticity or strotc 
in th~Ta.teral^control system in terns of the aileron angle as 
a function of the aileron control force as determined on the 
ground is presented in figure 22. 'From this relationship^and 
fron an average variation of aileron control force with total 
uncorreoted aileron angle obtained in rudd.er-f ixed aileron 
rollS; the ratio of the stretch to the corresponding static 
no-load uncorrected aileron angle is shown as a function of 
control force in figure 23 for three airsneedso From these 
curves ii: is observed that the stretch in the system is C'^'^Yv 
sidera-hly in excess of the limiting requirement (reference ^'rj 
that the stretch corresponding to a stioh force of 30 pounds 
shall not exceed 20 percent of the static no-load aileron 
deflection ^ 

The major portion of the latcral^control-syst cm stretch 
results frori excessive torsional deflection of the aileron- 
actuating toroue tube (fig. 2)* Tnc remainder of the stretch 
may be attributed to deflection in the differential linkage 
and bending in the fuselage toroue tube. This stretch could 
be reduced considerably by using aileron torque tubes having 
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a greater cross-^sectional moment or inertiao The use of 
puwsh pull rods in place of the torque tubes would eliminate 
a large amount of stretch, but this tj^pe of installation 
Tjould Involve several structural dif f iculties • It should be 
noted that cvonsia^erable play was present in the aileron contro 
system; that is, with the stick in a fixed position, it was 
possible to move the ai].eron surfaces through 10'^ to 15'^a 
This large degree of play resulted from loose fits in the 
several linhs of t]ie differential mechanism and the aileron 
torque-^tube' universal joints at the fold line of the v7ingo 
Although not particularly objectionable from a pilot's 
standpoint^ a reduction in the play in the system could be 
effected by cloc-er fits in the installation. 

The friction in the lateral-control system with no 
load on the surfaces is shown in fi,f;ure 2k-^ to have an average 
value of 7e5 pounds, '."ith the airplane in flight the average 
friction was 5»1 pounds for various power, flap, and speed 
conditions o A typical friction cu:"ve as obtained in flight 
is presented in figure 2So The friction in flight \t8.s 
slightly lower with power on than that with power off, due 
to the effects of engine and propeller vibrations. These 
friction forces are in excess of the maximum values of 1 a.nd 

pounds specified in references 3 and respectively, 
as upper limits of friction in the lateral-control system.:^ 

The principal source of friction in the lateral- -control 
system appoa-rs to be in the six sets of tracks and rollers 
in each wing guiding the aileron movements (section 3-E, 
figo ojo Other sources of friction lie in the various links 
in the differential mechanism and other pivot point So The 
la.teral-control friction could be reduced considerably by 
cliriinating the tracks and rollers and using a direct 
connection between the surfaces and the torque tube* 

It may be rem.arked tha.t the exceptionally heavy aileron 
structure a.nd accom^T-^anying mass bala.nce necessitated by the 
unconventional aileron and support design was responsible 
for unusually high inertia in the control system.. The high 
inertia forces offered relatively great resistance to any 
sudden motion of the control stick and for this reason was 
considered objectionable by the pilots. The inertia could 
be reduced by a revised aileron design using a simplified 
operating riechanism. a,nd support. 
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Ciiar-;ic_o er x^J^LS: s o f uncontro 11 ed lateral not! o n o - The 
charact'er'iJtics of the control-xree lateral oscillaticn 
a:.'e inrllcatecL by the tiipe histories of figures 2d to 23, 
It is si^en that in every test conc'.ition the motions danped 
to one-'-^alf an;plitude in less than t^.;o cycles as recomnended 
hv tl^e retirements of reference 3 except in the case of 
ratee i-^ower, flar)£ up, and 207 miles per ho-ar where the 
yavin.o-" velocity was not adequately dar.TOed<, T.'hen the alj-erona 
were deflect r-d and released ouichly, they returned to their 
trjm r.ositlon in all caies er-ceot at lov/ deflections and 
low speeds > The fact that the ailerons were able to over- 
come the high friction force and return to neutral was 
u^dovibte'o]y^due to Xhe large inertia in the system. Any 
oscillations of the ailerons themselves in all cases 
disappeared after one circle, 

A.ileron contjol character is ticj^.- T-he variation of 
maxlm^E~i-'Tlirng; velocity, maximum pb/2V (the tangent of 
the helix angle generated by the wing t^ps), and ai.Leron 
control force with total aileron angle correcocd for^ 
stretch in the system is shown in figvircs ,^0 to witn 
th- ailerons in their original condition, ^t may oe socr 
trat the maximum rolling velocity varied smoothly wiuh, 
and was aivoroximatcly proportional to, the aileron ^an;.:±c 
for all conditions investigated except in tne ratca-power, 
flpps-ao-ni condition at 122 miles per hour, Tne rolling 
acceleration, in every case, attained its maximum ya^uc 
within 0.2 second after the controls hao. rcacncd tne^i 
given deflection and T;as always in the correct o.irccuion, 
thus satisfying the requirement of references 3 
The ro^linp- criterion, expressed by the maximum value of 
pb/2v resulting from an aileron control force of 30 pounds 

(figs. 30 to 35), is tabulated below for each flight 

condition. 



11 



Por-rcr 



Rated 



Off 



Flap 
'oosi uion 


^ndicatiecl ! 
a,ir speed ; 
(Dph) 


pb/.'^^V for 3C-pound 
control force 


Figure I 
nuinber j 






Loft 


RiSht 




- 
Up 






0,060 j 


— — 1 






. 040 1 


1 


1 . — ^- 

> — 


♦ OoO 


.06-^ 


31 ! 

1 


l/P d^.m 


1 00 


• O6O 


, o.';7 




3d 




e05u 


32 1 




122 


.032 


.010 


i 

1 




o040 


,047 


1 

, -1 


I 


r 155- 


, 0^0 


.035 


j 1/2 cloT-ni 


i '^^ . . 


.061 


c07i 




1 122 




,o6i|- 


1 Dovai 

1 


i ?2 


1 .070 


^ .07^1- 


1 




' .Q-v- 


! .oi;S 


1 ^5 J 



It is observed taat in only two conditions (po'.;cr off, flaps 
one-half and full do-jn at 92 nph) did the above values reach 
the minimum of 0,07 rcconmended by the requirement of ref- 
erences ^ and The flc-.-o position seemed to have no narked 
effect on the rolling?; criterion; tlie optimum position, hov;- 
cvcr, a-opears to be ono-half deflection, r-'o consistent differ- 
ence exists between th^ values in right rolls and those in 
left rolls. 

The va-'-iction of the aileron control force with aileron 
anrle, as shown in firurcs 30 to -^5, for all flight conditions 
is^'a smooth curve having a flat portion on , cither side near 
no-atr-'l position. The conbincd effects of this force ch-arac- 
toristlc^and the high friction force in the control system 
tone to -o-^oduce poor self-centering characteristics and 
insufficient control feel, which is objectionable from a 
pilot ' s standpoint , 

A com-iDarison at this ooint of the aileron control charac- 
te-^i'^tics with those of the original vaimodifiod airplane m.ay 
be of some interest » For all flight conditions the curves re- 
lating both maxim.um rolling velocity and aileron control force 
with aileron angle x:ere more linear in the case of the oria'inal 
unmodified airplane, but in general the maximum values of pb/^V 
for 10 pounds of control force i-rerc less than those for the Zap- 
version"" of the airiolane. The self-centering characteristics of 
the original unmodified airplaie were superior to those of 



trie Zap airplane, due to the greater slope of the control- 
force curve at the neutral position and the smaller amount of 
friction in the control system. 

The ailei^oii control chai-^acterlGtics of the airplane with 
the several nodif icationr. of the aileron surfaces are indi- 
cated by the curves of figures 36 to 3^0 Corresponding curves 
for the original condition have heen included for purposes of 
cornparisono The rnaxir^uui values of pt/2V resulting from a 
lateral-control force of 30 pounds are tabulated below for 
ratcd-pox.rer fli:':cht for each aileron modification. 
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1 
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Indico.ted | 
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force 
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1 
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2 
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.010 
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3s (a) 


: 
! 


Up 


92 
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i 
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.035 
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Up 


92 


,0--2 
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.037 
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Up 


92 


cO-'-:-o 
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5 
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.039 




37(c) 




Do"-7n 


1 n r-) 
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i .047 


3S(c) 




Up 


00 


C W 1 T 


,069 


r ~6(c) ! 


r 

0 


— ^ ^ 


.05:.;- 


.056 


37(c) 1 




Down 


122 


.056 


,0£0 


3'3(c) 




Up 


92 


.0-vO 


,c6^.- 


36(d) 


7 




.040 


.01^3 


37(d) _ 


Down 


122 


,0.-1-2 


C034 


3g(dj ! 




Up 


92 




„o6o 


36(d) 




155 


.040 


.0I1-5 


37(d) 


L 


D^^'-m 


122 


.01^7 


.055^^ 


3B(d) , 
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The characueristics of the aileron control with r.ocllfiefl 
aileron surfaces as coninarecl to thone in the original condi- 
tion, are as f oIIovjg : 

noclif j.cation Ip-. The ef i ectivoness of the vanes in chan;;^- 
ing the lateral-control-force characteristic? is inci- 
cated by a comparison of the results of the aileron -rolls 
made with the vanes in the nose-do-;^n position irith the 
correspondinf." results for the original n-^se-up vane con- 
dition (figso 36(a), 37'^'); and 33(a)). It is seen tliat, 
as a result of this vane adjustnent, the control forces 
were increased without anjr aporeci-able increase in the 
corresponding rolling velocities » This is to "be expected 
as the vanes in their nose-up r^osition act as lifting 
surfaces tending to produce aerodynamic hala.nce and con- 
sequent reduction in the aileron hinge moments. From the 
atove t-able it may he observed that the • result ing rolling 
criterion was reduced by this modification. However, the 
general shapes of the several curves remained unchanged^ 
h odif ication 2 .- The effects of removing the vanes from 
the surfaces, as shoini by a corn'oarison of the ocrtiiient 
curves of figures 36(a), 37(a)," and 3o(a), included both 
an inci^ease in control forces for given aileron angles 
(averaging a.pproximately the same magnitude as tha,t of 
modification 1) and a small decrease in tlic corresponrling 
rolling velocities o The increase in control force ma;'" be 
attributed to the absence of the balancing effects of the 
vanes in their original nose-up position. The decr::ase 
in rolling velocity was probably duo to the gap in tiic 
aileron sijrfaces created by the removal of the vanes 
which tended to reduce the lateral-control of f ectivoness. 

From the results of the tests i-ith the first tvro 
modifications, it is apparent that the presence of the vanos 
set in the nose-up position has a desirable effect on the 
lateral-control cha^ra-ctcristics of the airplane. 

h d i f i c a t i o n 3 • "^"^o vane axis of rotation in eacli wing 
T/as lowered in edi Cuttcmpt to improve the air flow over 
the vanes and' increase their control-force-reduction 
of f ectivoncsso The vanes T;crc set at tlie same nose-up 
angle as in the original condition. Thus, from a 
comparison of the curves for this riodif ication with those 
of the original condition (figSo 36(b), 37(b), cind 3o(b)), 
.it may be seen that this adjustment had no marhcd effect, 
on the lateral-control characteristics except in the 
flaps-down condition (flg« 3c5(b)), the curves being 
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practior.lly coincidental T^ritii tho3o for the origlnr.l con- 
diuiono Thus, the cf f octivoness of the vancvS appeared 
to be incTepon(?.ent of the position of their axis of rota- 
t ion c 

Ilodif icatj.on_jr,- The areas of the upper surfaces of tT-ro 
aiTeron* 'j^rnels :vere reduced for the purpose of lightening 
the control forces without loi.^erin^ the corresponding 
rolling velocities u As the vanes T/ere set in the nose- 
doT-rn position, a c "^nxpa^rioon of the curves for this modifi- 
cation (figSc 36(b) and 37(b)) iJith the corresponding 
curves of nodiflcation l" (figs^ 3'o{c.) and 37(a)) indicates 
the effect of the aileron upper-surface reduction on the 
lateral-control characteristics^ From these curves it 
nay be seen that the aileron control forces were consider- 
ably reduced vathout a change in the corresponding rolling 
velocitlevS and, as shown in^the above table, the rolling- 
criterion values were impi'oved by this alteration of the 
lateral-control surfaces « A reduction of the aileron 
upper-surface area, thcn^ invdlcates a favorable trend in 
modlf ica,tions • 

nodifl cation 3 ^- From a comparison of the curves for 
modification ^1 (figSo 3o(c) and 37(c)) with those of 
m.odlf icatlon k (fi&'s. 36(b) and 37 (0)) it may be seen 
that slir:ht additional reduction in the control force 
was effected by placing the vanos in their nose-up 
position with the aileron upper surfaces altered as in 
modification 

L'odif Icatlon 6 c- in order to decrease the control forces 
further, the up-oer surface of the remaining panel was^ 
red^uced in areao From a com.parison of the curves pertain- 
ing to this modification with those of modification 5 
(figSo 36(c), 37(c), and 3^(0)), it may be observed that 
the control forces were reduced from those of the previ- 
ous mo6.1f Ication with no accompanying decrease in rolling 
velocities « From the above table it is noted that the 
rolling criterion is, in general, higher for this modifi- 
cation than for any of the preceding changes and in a 
feT7 flight conditions nearly satisfies the requirement of 
Oe07 recommended in references 3 and k-^ 
Il odif Ication 7 >- 'Jith the aileron surfaces In th^e same 
condition as modification 6 but with the vanes in the 
nose-doi'-n condition, the aileron control chara^ct eristics 
are shoxvn in figures 36(d), 37(cl), and 36(d). These 
curves, when compared to the corresponding curves for 
modification 6, indicate the effectiveness of the vane 
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in rcc^ilating the control forces T-rithout changing t'„o 
rollln^^ velocity. 

nodi f ic at i on^ ji^e - For the sane conf.it ion as in niocLifi- 
cuti on 7 tut x/ith the aileron upper-sui^f ace slots open, 
the control forces xvere loT/orccl slight Ij^, as sho-.-m in 
figures 36(cL), 37(d), and 30(d)- over those of nodifl- 
co-tion 7» 

5'rori the results of these modifications, it n.pocars that 
foi* maxinum rolling velocities and nininum control forces, 
the .optinuni combination of conditions would consist of those 
in i::odii ication that is, with the aileron upper-surface 
area reduced and the upper-suj^f ace slots open, but lAjith the 
force-regulating vanes set in the nosc-up positiono 

Yaw d u e t o ai le r on f> . - J'rom the f light-t ::-st records taken 
in ruddcr-fixeo. aileron I'olls, the sideslip a.nglc developed 
as a result of full aileron deflection for all flap and pox^rer 
conditions investigated was less than 20^ at 110 percent of 
the stalling speed, thorety satisfying the recuircnent of 
reference 3 -"^^ this characteristic. 

Ro lling no ue nt due t o sideslip .- Lo.tcral characteristics 
of the airiDlane as neasored in steady sideslips ^.-^-r^ dot or— 
mined in the follox-/ing flight conditions: 



Power 


Flap position 


j.ncllcc'.tccl airspeed, (mph) j flnirc ' 


Rated 


Up 


92 anc. IS5 • -? : 
92 and 121 ^0 




Off 


Up 
Dot'n 


1 92 and 155 i 
! 92 and 121 " : ^2 \ 

J i 



From the figures it is seen that the variation ^^f aileron 
angle with sideslip angle is progressive and fairly smooth on 
either side of neutral^aileron angle for all flight conditions 
investigated. Although no control-force records x-'ore tahcn, 
it is probable that the curves relating aileron control force 
xTith sideslip angle x-/ould have a flat portion near zero control 
force as in the case of aileron control chc:ractoristic s tend- 
ing to produce poor centering characteristics. 



stalling Characteristics 

The stalling charactaristics of the airplane for the 
various types of control and flight conditions investig:ated 
are indicated by the tj.me histories oi^ fig^ares ^3 to 66. 
The more iapcrtant data and pilot »s notes for these stalls 
are tabuD.ated in table I, 

Fron fche recorded data, pilot ^s notes, and tuft st\;.dies 
it is seen that^ for all of the flight conditions, the stall 
warning x-zas adequate c Buffeting and shaking of the airplane 
and controls usually provided a definite Turning before 
instability ras reachede The insta.bility experienced developed 
in a gr.^adual but unmistakable manner e.nd in most ca^ses x-ras 
aacompa.nied by a marked increase in the elevator pull force 
and resuTward travel of the control stick* After the complete 
stall had developed, it vjas possible to recover promptly by 
normal use of the controls. Thus, the stalling characteris- 
tics of the airplane in gencra.1 appear to be satisf a.ctorj^ in 
relation to the requirements of reference 3© 

For bobh poxrer conditions and xvith the flaps either up 
or one-half doxm, it x^a.s not possible to maintain the x-xings 
level in a sta.ll by mea/ns of the ailerons or rudder alone. 
Hox-7ever, x-jith the flaps full doxjn, control appeared to be 
possible. 

In connection with the tuft studies made XTith the air- 
plane in stalling flight, it xr/as observed that flox/ break- 
avray originated, desirably, at the inboar^'i r^nd trailing-edgo 
portions of the upper sm^faco, thence progressing forward 
and outboard tox-jard thu x-jing tipo There appeared to be no 
tendency tox-^ard tip stalling even x-7ith the flap fully 
extendedo The absence of tip sta-lling in this condition 
appeared to be due to the small slots in the forxrard part of 
the flaps near the x/ing tips. 

Ifoximium lift coefficients ^- The lift chara^ct eristics as 
affected by the extension of the Zap flaps arc indicated by 
the average stalling speeds from, table I and the corresponding 
calculated lift coefficients shox-7n in the following table: 



19 



PoT-jcr ; Flap 

poGltion 


Stalling speed 
(n-ipli) 


Ilazlnun lift ! 
coefficient ! 


Rated 1/2 dowi 
Dovrn 




2,01 
2.7s 


i • Up 
Oi^f ' 1/2 doi-n 


* — — — — — — — — ■■...] 

go 
66 
65 


2,05 

• ■- • - - / 

1... -. — . — ■ . . L 



The values for maxinun lift coefficient v;cre calcnlctcd 
oy the folioi/ing approxir.ato rolationshl-o - 



Ct 



'-r.ic.x - — 



3 V 2 



where 

^^ax ^^^^-"i^^'^ 11^"''^ coefficient 

wing loa-ding of airplane, pounds per square foot 



W 
S 



indicated airspeed at stall, nilcs per h 



our 

A2 normal acceleration factor, reading of acceleration in 
direction of z axis in feet per second per second 
dlvia.ed by g in feet oer second Der second, at the 
time of Vs ' ^ 

g 32o2 feet per second pot second 

This formula neglects the effect of the attitude of the air- 
plane on the values of lift coefficient. Ho:rover, this 
effect was not considered to have sufficient significance to 
warrant the relatively difficult measra-cnent in fli^'ht o-" th^ 
angle of attach. 

From the above table it may be observed that loi-ering 
the flaps to one-half deflection increased the maximum lift 
coefficient more than half of the increase due to full flap 
deflection, especially in power-off flirr::t. From this it 
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aupears that the effectiveness of the flr.ps in increasing the 
mai.lnraiii lift coefficient decreases with flap deflection. 

CCMCLUSIOIIS 

The stahilit" and stalling characteristics of the test 
airplane J. in general, Impressed the pilots favorahljs but 
several featvires of the lateral-control characteristics irere 
considered undesirable . 

Frora the results of the investir^ations in flic^-t and on 
the ground, the follovring conclusions may he dra'ivTi: 

lo Dar;ipin£- of the uncontrolled loncitudinal notion T-'as 
satisfactoryc 

2 The stich-fi>-ed static lonp:itudinal stability was 
adequate for the clinb, Pjlide, wave-off, and landing condi- 
tions. 

5 T'le stich-free lon.'ritudinal stability was siifficient 
in the'clinb, glide, and landing conditions for the trim 
speeds at which the airplane was testeo., 

K> The elevator control was satisfactory in landings. 

R "he stretch in the lateral-control systen was 
unusually'high, principally due to the use of a torque tuoe 
in each wing to actuate the ailerons. 

D "The fT^iction in the lateral-control systen was 
excessive^ having values of 7.5 and 5*1 pounds neasured on 
the ground and in flight, respectively. 

7. Because of the large aileron weight and resulting 
high nass balance, the inertia in the lateral-control sysoen 
V7as undesirably high. 

g„ ^he control-free lateral oscillations were adequately 
damped" in' all flight conditions investigated, . 

9 VJ^.en the ailerons were deflected and released quichly, 
they returned to their trin position, and any oscillation of 
the ailerons thcnsclves disappeared after one .cycle. 
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10c The naxirnvjn rolling velocity obtained by the abrupt 
use of ailerons varied snrjothlj^- vrith the aileron angle and 
vras nearly proportional to the aileron angle for all condi- 
tiona investigated except in the rated-povrer , f la-or.-doirn 
condition at 12.2 miles per hour. 

11, Ihc rolling acceleration follo::ing an abrupt aileron 
deflection was always in the correct direction and reached its 
maximum value within Oe2 second after the controls had reached 
their given deflection. 

12 » The maximum, values of pb/2V resulting from a force 
of 30 poTUids .applied at the control stick did not reach 0,07 
except in the ia.nding condition « 

13, The aileron control force varied smoothly with 
aileron deflection for all conditions of flighty but, due to 
the large value of friction and the low forces near neutral 
stick position^ the system, had poor self-centering character- 
istics which did not give sufficient control feel. 

1^0 It was possible to reduce the aileron control 
forces without an accompanying decrease in the corresponding 
rolling velocities by (a) setting the aileron vanes in their 
nose-up position, (b) reducing the size of the aileron upper 
surfaces, and (c ) opening the slots in the upper surfaces. 

15c The sideslip angle developed as a result of full 
aileron deflection was satisfactorily less than 20^ at the 
critical loi^-speed concition in rudder-fixed aileron rolls. 

16. The stalling characteristics of the airplane, in 
general, satisfied the requirements of reference 3» 

17. The effectiveness jf the flaps in increasing the 
maximaimi lift coefficient was reduced with flap deflection, 
especially with power off « 
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TABLE I 

STALLING CHARACTERISTICS OF THE TEST AIRPLANE IN ITS ORIGINAL CONDITION 



Power 


Flap 
[>oaitloa 


DO* 


Type of stall 
oontrol requested 
of pilot 


Type of stall 
warning (oilot's 
notes) 


Type of stall and 
control (pilot's 
notes ) 


Ability of aileron 
or rudder to eontrol 
roll off after first 
sign of stall 


Stalling 
•peed 

(mph) 


Slerator angle 
at time of 
•tall (deg) 


Blerator oontrol 
force at time of 
•tall (lb) 


■Itfvator 
tab angle 

(deg) 






43 


Stlolc baok and 
held at first 
warning of stalli 
attempt made to 
hold aileron and 
rudder fixed 


Noticeable 
buffeting at Tf ,5 
mph, pitched doam 
slightly 


No roll off, all 
controls smooth 


Rudder held fixed, 
ailerons mored in— 
adTertently 


70 


6 np 


6 pull 


8 up 






44 


Stick full baolci 
attempt made to 
hold aileron and 
rudder fixed 


Some buffeting at 
69 mph 


Roll and side- 
slip to right 


Rudder held fixed, 
ailerons mored in- 
adTertently 


66 


18 up 


38 pull 


8 up 


Rated 


Up 


45 


Stick baok to 
•talli aileron 
alone used to at- 
tempt oontrol 


Began to roll 
left at 70 mph 


Rolled left 
against large 

rig^t aileron 


No control with 
aileroiiS, rolled 
left against ail- 
erons 


69 


18 up 


40 pull 


8 up 






46 


Stick baok to 
•talli rudder 
alone used to 
attempt oontrol 


Mild left roll 


Controlled to 
uncontrolled roll, 
left to right 


At 69 mph rudder 
controlled left 
roll but following 
right roll was un- 
controlled! ailer- 
ons mored inadTort- 
ently 


67 


IS up 


31 pull 


8 up 






47 


Stick baok and 
held at first 
warning of stall; 
attempt made to 
hold aileron and 
rudder fixed 


Buffeting oo- 
our red at 63 mph^ 

no roll off 


Controls smooth, 
foroes low 


Rudder and ailerons 
held fixed 


60 


8 np 


0 


8 up 


Rated 




48 


Stick full baoki 
attempt made to 
hold aileron and 
rudder fixed 


At 61 mph a left 
roll oocurred be- 
fore the stiok 
was full baok 


Roll followed by 
a slight yaw 


Rudder held fixed, 
ailerons mored in- 
adrertently 


60 


8 up 


0 


8 up 


49 


Stiok baok to 
stalli aileron 
alone used to 
attempt oontrol 


Slight roll and 
buffeting 


Uild roll starting 
at 62 mph, con- 
trolled by aileron 


Good aileron control 
at 62 mph, followed 
by tnoontrolled left 
roll 


60 


7*5 up 


4 pull 


8 up 






50 


Stick back to 
stalli rudder 
alone used to 
attempt control 


Pronounced right 
roll 


Control difficult, 
rudder oontrol 
forces heary 


Small rudder control 
possible at firat, 
after stall no con- 
trol i ailerons mored 
inadrertently 


61 


12 up 


20 pull 


8 up 






51 


Stiok baok and 
held at first 

attempt made to 
hold aileron end 
rudder fixed 


Actions smooth 
preoeding stall 


Buffet, left 
roll 


Ailerons end 
rudder held fixed 


58 


2 up 


c puxx 




Rated 




52 


Stiok full baokj 
attempt made to 
hold aileron and 
r\^der fixed 


Stall mild 


roll, small ele- 
rator deflection 


Ailerons mored in- 
adrertently 


59 


4 up 


6 pull 




Donm 


53 


Stick back to 
stall 1 aileron 
alone used to at- 
tmmpt ocDtrol 


No definite 
mov lOQB 


Rolls against 
ailerons at first 


Ailerons control 
first roll off all 
right, than «rer- 
helewaa 




T np 


6 pull 


m 






54 


Stick baok to 
stall 1 rudder 
alone used to 

attemut control 


Slight rolls 


Belled right, 
nadder inef fee tire 
for control 


Ho mdder oontrol 
possible 1 aileron* 
mored ina<irarxanxiy 


58 


3 op 


8 pull 








55 


Stiok baok and 
held at first 
TTarninp. stalli 
a+tempt made to 
hold aileron and 
rudder fixed 


Buffetlr.g with 
sli^t right 
roll 


At 84 mph buffet- 
ing ocourred, but 
with no roll off 


Ailerons and 
rudder held 
fixed 


82.5 


13 up 


22 pull 


2.5 up 






56 


Stiok full baoki 
attempt made to 
hold aileron and 
rudder fixed. 


livi 1 et infT at 
80 mph 


Slow roll to the 
left occurred at 
80 mph 


Ailerons and 
rudder mored 
Inadrertently 


77.5 


29 up 


46 pull 


2*5 up 


Off 


Up 


57 


Stick baok to 
stall ; aileron 
alone used to 
attempt oontrol 


Buffet combined 
with roll 


Uncontrolled 
rolling motions , 
high aileron de- 


Ailerons oould 
not stop roll- 
ing to left 


80 


16 up 


29 pull 


2*5 up 






58 


Stick baok to 
stall; rudder 
alone used to at- 
tempt oontrol 


Slight rolUng, 
left to right 


\t 80,5 mt>h first 
roll off was con- 
trolled, but not 
beyond this 


Rudder unable to 
maintain oontrol 
at stalli ailer- 
ons mored inad- 


80 


19 up 


S4 pull 


2*6 up 






59 


Stiok baok and 
held at first 
warning of stalli 
attempt made to 
hold aileron and 
rudder fixed 


Buffeting and 
slight rolling 
oocurred 


Continuous roll- 
ing and pitching 
with increasing 
airspeed 


Ailercns and 
rudder held 
fixed 


70 


19 up 


29 pull 


2*5 up 




1/2 
down 


60 


Stick full baoki 
attempt made to 
hold aileron and 
rudder fixed 


Rolling began 
at 70 mph 


Rolled left 
into steep 
spiral 


Ailerons and 
rudder held 
fixed 


66 


19 up 


SO pull 


2 96 up 


Off 


61 


Stiok baok to 
stall J aileron 
alone used to 


bmall amount 

of pitching 


At 73 mph rolled 
left against 


Ko control 
with ailArons 
alone 


67 


13 up 


24 pull 


2*6 up 






62 


Stiok baok to 
stalli rudder 
alone used to 
attempt oontrol 


Airplane 
rolled in os- 
Oiixaxxng ■ovi*»* 


Delayed motions, 
large amount of 
left rclli re- 
actions rough 


difficult during 
stalls ailerons 
mored iivadrer— 
teotly 


m 


19 up 


. 26 pull 


2*5 up 






63 


Stiok back and 
held at first 
warning of stalli 
attempt made to 
hold aileron and 


Control possible 
throughout man- 
evrer, no buf- 
feting 


irild pitch dom, 
BO roll off 


Ailerons and rud- 
der held fixed 


66 


10 up 


16 pull 








64 


rudder fixed 
Stick full backi 

^4* 4* AM nil rnflidc 

hold aileron and 
rudder fixed 


Mild rolling 


Pl^en oeeixiaxxon 
once or twice, 
then rolled off 
to rigftt 


Ailerons and rud* 
der held fixed 


64 


IS up 


22 pull 




Off 


Down 


65 


Stick back to 
stalli aileron 
alone used to 
attempt control 


I'lld pitch- 
down motion 


Rolling oteilU- 
tion,but little 
pitching until 
end of stall 


Aileron control 
possible with two- 
thirds naxinum de- 


66 


20 VP 


20 pull 








66 


Stick baok to 
stalli rudder 
alone used to 
attempt control 


Snail control 
motions set up 


inc *nd rolling 
daring entire 
•tall 


Control with rud- 
der pees lb le at 
high defleetione 


iB 


17 «p 


27 pull 


1 crtDv 
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Figure I. - Front view of the test ai rplane as instrumented for flight. 




Figure 2 . 



Rear view of the test airplane as instrumented for flight. 




/y&U/e£ 3. - ThR££ -y/£tV OF T/i£ 

TEST A IRPLANS . 




Figure 4. 



Left wing with flaps and ailerons fully ext ended. 



FUSELAGE 




^/LEtSON ANP Zy^P FLAP. 
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Figure 6 . 



Left-central aileron panel in original condition 
with vane in neutral position. 
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FK3URE 6.- SCHEMAT/C SKETCM OF TM£ /^ILEtiON CONT/SOL 
SrSTEA^ . 




(a) Control stick neutral. 




( b ) Co n t ro I s t i c k. f u II left. 



Figure 9. - L at e r a I - co n t ro I differential linkage in fuse- 
lage, view looking forward. 
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FORWARD BACKWARD 

STICK DEFLECTION, IN* FROM NEUTRAL 

FIGURE 10. - VARIATION OF ELEVATOR ANGLE WITH STICK 
DEFLECT! ON . 




FIGURE II. - VARIATION OF ELEVATOR TAB ANGLE WITH 
COCKPIT CONTROL SETTING. 




LEFT R I GH T 

STICK DEFLECTION, IN. FROM NEUTRAL 



FIGURE 12. - VARIATION OF AILERON ANGLE WITH STICK 
DEFLECT I ON . 




Figure 13. - Left aileron with modified upper surfaces, 
vanes in nose- down position, u p p e r- su r f ac e slots covered 
with fabric. 
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TIME, ^£iC 

^. RATCD POWER. b. RATED POWSR c. RATED POWER 
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80.5MILE3 PER HOUR J/4 M/L£5 PER HOUR /53 MILES PER HOUR 
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FLAPS UP 
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FIGURE IS. - CHARACTERISTICS Or <J/^CONT/ROLLEO LONGITUDINAL /MOTION. 
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F/(3UI^E l€. - ELEVATOR C0NTI50L CHA/SACTE/2/Sr/CS IN STEADy FUGHT, CUMB CONO/T/ON^ 
/SATED PO\/VER ^ FLAP^ UP. 
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INDICATED A I RSPEED, MPH 



FIGURE '8. - 
FL I GH T, 



ELEVATOR CONTROL CHARACTERISTICS IN STEADY 
WAVE-OFF CONDITION, RATED POWER, FLAPS DOWN. 




FIGURE »9. - ELEVATOR CONTROL CHARACTERISTICS IN 
STEADY FLIGHT, LANDING CONDITION, POWER OFF, 
FLAPS DOWN. 




FIGURE 20. - TIME HISTORY OF A THREE-POINT LANDING, POWER OFF, 
FLAPS OOWNc 



MEASURED ON THE GfiOUND l/V/T/i 
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AILERON CONTI^L FORCE , LB 

F/GUl^£ VAR/AT/ON OF LATERAL CONTROL SXSTEM STRETCH \A^ITH 

A/LERON CONTROL FORCE^ CONTROL ST/CR NEUTRAL. 




RGURE a3. - Vy^je/AT/ON OF LATERAL CONTROL SYSTEM STRETCH IN PER.CENT OF 
TOTAL ^JLEJSON ^NQLE IV/TH AtLEJZON CONT/dOLFOfiCE . 



BO 



i 



I 



^ k 



20 



O 



20 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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LETT ^LERON UP /Q/G/iT' A/LE^ON UP 



F/GUR.E \/^/^/^/y^T/ON OP y^/LEf^ON CONTROL FORCE ^V/TH 

TOTAL /MlERON ANGLE , NO LOAD ON SURFACES. 
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FIGURE 25. - VARIATION OF AILERON CONTROL FORCE 

WITH TOTAL AILERON ANGLE, IN FLIGHT AT 92 MPH. 



TIME, SEC 



FIGURE 2^. - CHARACTERISTICS OF UNCONTROLLED LATERAL 
MOTION, RATED POWER, FLAPS UP, 152 MPH . 




FIGURE 27. - CHARACTERISTICS OF UNCONTROLLED LATERAL 
MOTION, RATED POWER, FLAPS UP, 207 mPH . 




FIGURE 28. - CHARACTERISTICS OF UNCONTROLLED LATERAL 
MOTION, POWER OFF, FLAPS UP, 92 MPH- 
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FIGURE 29. - CHARACTERISTICS OF UNCONTROLLED LATERAL 
MOTION, POWER OFF, FLAPS DOWN, ^2 M^*^. 
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FIGURE 31. - AILERON CONTROL CHARACTERISTICS, RATED POWER, FLAPS 
ONE-HALF DOWN. 
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FIGURE 32. - AILERON CONTROL CHARACTERISTICS, RATED POWER, FLAPS OOWN . 
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FIGURE 33. - AILERON CONTROL CHARACTERISTICS, POWER OFF, FLAPS UP. 
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FIGURE 34. - AILERON CONTROL CHARACTERISTICS, POWER OFF, FLAPS ONE-HALF 
DOWN . 




LEFT AILERON UP RIGHT AILERON UP 

TOTAL AILERON ANGLE, DEG 

FJGURE 35. - AILERON CONTROL CHARACTERISTICS, POWER OFF, FLAPS DOWN. 
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(s) MODIFICATIONS / AND ^ 

F/GURE: S6 . - A/LER.ON CONTROL CHARACTERISTICS WITH MODIFIED AILERONS^ 

RATED POi^ER, FLAPS UP, 9£. MILES P£R HOUR. 
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(c) MOD/FJCATIONS S AND 6 
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[dj MODIFICATIONS I AND Z 

F/GU/^E 37 , - AILERON CONTROL CHARACTERISTICS ^/TH MOPIF/EP AIL- 
ERONS, RATED POi^^ER ^ FLAPS UPj ISS M/LES PER HOUR. 
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FIGURE 37.'CONTlNUED 
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FIGURE 40. - CHARACTERISTICS IN STEADY SIDESLIPS, RATED POWER, FLAPS 
DOWN. 
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FIGURE 4^. - CHARACTERISTICS IN STEADY SIDESLIPS, POWER OFF, FLAPS UP. 
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FIGURE ^2, - CHARACTERISTICS IN STEADY SIDESLIPS, POWER OFF, FLAPS DOWN. 



A-2g 



CO 
Uf 

-J 
z 



o 

< a 

u. Ui 
a o 

«/} 



O 
q: 
»- 
z 

o 



CJ CD 













X 


CO 






LU 










q: 


»- 






— U 




h- 


O LU 




U- 


O CO 




LU 


-J ^ 






UJ z 






> < 


X 






CD 










< < 


cr 










ZD 








U. 




z 


UJ 




< 







in . 

LU CD 

— < 



-» cr 

< < o 

2 cc h- 

a: LU o 

O -J < 

Z Lu LL 

u 
o 
< 



o « 

UiO 
»- UJ 
< UJ X 

u a. Q. 

- CO 3 




FIGURE 43. - TIME HISTORY OF A STALL, RATED POWER, FLAPS UP. STICK BACK 
AND HELD AT FIRST WARNING OF STALL; ATTEMPT MADE TO HOLD AILERON AND 
RUDDER FIXED. 
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FIGURE 45. - TIME HISTORY OF A STALL, RATED POWER, FLAPS UP. STICK BACK TO 
STALL; AILERONS ALONE USED TO ATTEMPT CONTROL. 
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FIGURE 47, - TIME HISTORY OF A STALL, RATED POWER, FLAP.S ONE-HALF 
DOWN. STICK BACK AND HELD AT FIRST WARNING OF STALL, 
ATTEMPT MADE TO HOLD AILERON AND RUDDER FIXED. 
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FIGURE 48. - TIME HISTORY OF A STALL, RATED POWER, FLAPS ONE-HALF DOWN. 
STICK FULL BACK; ATTEMPT MADE TO HOLD AILERONS AND RUDDER FIXED. 
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FIGURE 49. - TIME HISTORY OF A STALL, RATED POWER, FLAPS ONE-HALF 
DOWN. STICK BACK TO STALL; AILERONS ALONE USED TO ATTEMPT 
CONTROL. RUDDER MOVED UNINTENTIONALLY. 
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FIGURE 50- time: HISTORY QF A STALL , RAT€D POWER, FLAP^ 

ON EL -HALF DOWM. 3T/CK BArJt: TO ^r^Ci. j /?UD/}£/^ /ilOA/f^ 
U5£D TO ATreMPT COA/T/^OC. /i/L£^OAfS /^O^SO 
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TlfvlE, SEC 



FIGURE 5i. - TIME HISTORY OF A STALL, RATED POWER, FLAPS DOWN. STICK BACK AND 
HELD AT FIRST WARNING OF STALL. ATTEMPT MADE TO HO L D* A I L ERO N S AND RUDDER 
F I XED. 
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TIME, SEC 



FIGURE 52. - TIME HISTORY OF A STALL, RATED POWER, FLAPS DOWN. STICK FULL 
BACK; ATTEMPT MADE TO HOLD AILERONS AND RUDDER FIXED. 
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TIME, SEC 



FIGURE 53. « TIME HISTORY OF A STALL, RATED POWER, FLAPS DOWN. STICK BACK 
TO STALL; AILERONS ALONE USED TO ATTEMPT CONTROL. RUDDER MOVED 
UNI NTENTI ONALLY. 
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FIGURE 54. - TIME HISTORY OF A STALL, RATED POWER, FLAPS DOWN. STICK BACK 
TO STALL; RUDDER ALONE USED TO ATTEMPT CONTROL. AILERONS MOVED 
UNI NTENTIONALLY. 
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FIGURE bb. - TIME HISTORY OF A STALL, POWER OFF, FLAPS UP. STICK BACK 
AND HELD AT FIRST WARNING OF STALL; ATTEMPT MADE TO HOLD AILERONS 
AN 0 RUDDER Fl XED. 
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FIGURE 56. - TIME HISTORY OF A STALL, POWER OFF, FLAPS UP^ STICK FULL 
BACK; ATTEMPT MADE TQ HOLD AILERONS AND RUDDER FIXED. 
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FIGURE 57. - TIME HISTORY OF A STALL, POWER OFF, FLAPS UP. STICK BACK TO 
STALL; AILERONS ALONE USED TO ATTEMPT CONTROL. 
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FIGURE 58- TIME HI5T0PY OF A ^TALL POWEQ OFF^ 

FLAPD UP. 3T/CK 3AC/C TO STALL; /?UOO^/^ /ilOA/£ US^O 
TO ATTEMPT COA/T/?0L, A/L£/^ONS MOl^SD 
UN/N r£A/ T/O N/iLLY, 
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FIGURE 59. - T(ME HISTORY OF A STALL, POWER OFF, FLAPS ONE-HALF DOWN. 
STICK BACK AND HELD WHEN STALL BECAME EVIDENT; ATTEMPT MADE TO 
HOLD AILERONS AND RUDDER FIXED. 
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FIGURE 60. - TIME HISTORY OF A STALL, POWER OFF, FLAPS ONE-HALF DOWN. 
STICK FULL BACK; ATTEMPT MADE TO HOLD AILERONS AND RUDDER FIXED. 
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FIGURE 61. - TIME HISTORY OF A STALL, POWER OFF, FLAPS ONE-HALF 
DOWN. STICK BACK TO STALL; AILERONS ALONE USED TO ATTEMPT 
CONTROL. 
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FIGURE 63. - TIME HISTORY OF A STALL, POWER OFF, FLAPS DOWN. .STrCK BACK AND 
HELD AT FIRST WARNING OF STALL. ATTEMPT MADE TO HOLD AILERONS AND 
RUDDER FIXED. 
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riOURE 64.- T\h/\E t1l5TORY OF A ^TALL POWER OFF^ rLAP3 
DOWN. JT/CA: rULL e/iCK : TTEMPT M/^0£ T^O HOia 
A/LF/c'OA/S AND ^C/l>P^/^ F/)(£D, 
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FIGURE 65 - TIME HISTORY OF A STALL POWER OFF, FLAPS DOWN. STICK BACK TO 
STALL; AILERONS ALONE USED TO ATTEMPT CONTROL. 
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FIGURE. 6&-TIME Ht^TOQY OF A POWER OFF ^ FLAP^ DOWN. 

Sr/CK 8ACK -TO /?UDP^e ALC/VE UJ£D TO ATTS A^fi>T COA/T'^OL 



